This study compared the performance and meat production of goat kids and lambs that were fed semiarid Caatinga vegetation enriched with buffel grass (Cenchrus ciliaris L.). Twelve crossbred Boer × undefined breed goat kids and 12 Santa Inês lambs that had 20.7 kg of body weight (BW) were studied. Goat kids presented greater (P < 0.05) organic matter intake and digestibility, total gain, average daily gain (ADG) and perirrenal fat compared to lambs fed Caatinga vegetation enriched with buffel grass. However, the morphometric carcass measurements (external and leg length; chest and rump width; leg perimeter and chest circumference) were higher (P < 0.05) in lambs compared to those of goat kids. The crude protein and neutral detergent fiber intake and digestibility, cooling carcass loss, biological yield, empty body weight, hot carcass and cold carcass weights and yields, subcutaneous fat thickness, carcass compactness index and Longissimus dorsi area were similar (P > 0.05) between goat kids and lambs. Goat kids (crossbred Boer × undefined breed) more efficiently used Caatinga vegetation enriched with Cenchrus ciliaris L. than Santa Inês lambs; this vegetation improved nutrient intake, ADG and, consequently, feeding conversion. However, Santa Inês lambs presented higher carcass morphometric values. Key words: Cenchrus ciliaris L. Drought. Longissimus dorsi area. Ruminant. Semi-arid.
Introduction
The different vegetation typologies present in the semi-arid region of the Brazilian Northeast occur due to higher or lower edaphoclimatic aridity (soil and climate conditions), which in general, is associated with the coastal distance, altitude, geomorphology, relief desiccation level, slope and slope position relative to the wind (upwind and downwind), soil composition and depth and physical chemistry (BODNER; ROBLES, 2017; BRAND, 2017; CARRIÓN et al., 2017 ).
An increase in altitude leads to a reduction in temperature and, consequently, to an increase in precipitation and availability of water in soil, which is the main limiting factor of primary productivity in semi-arid regions. In Brazil, the semi-arid tropical zone comprises approximately 12% of its area, and corresponds to an exclusive Brazilian biome, locally known as Caatinga (PINHEIRO et al., 2013) . Caatinga vegetation is the natural feed of goats and sheep (NYAMANGARA; NDLOVU, 1995; NUNES et al., 2016) . According to Bandeira et al. (2017) , Caatinga vegetation is mainly composed of trees, shrubs (including cactuses and bromeliads) and herbs (mainly annual grasses and dicotyledonous species). The carrying capacity of Caatinga vegetation is low because most of its forage is in the tree canopy beyond the reach of animals (SILVA et al., 2015) . Proper management practices, such as thinning and lowering, to keep animal production and plant diversity at reasonable levels (PEREIRA FILHO et al., 2013) are needed to improve the carrying capacity of Caatinga vegetation for both sheep and goats (BANDEIRA et al., 2017 ). Vegetation enrichment is a possible manipulation technique that consists of controlling undesirable woody species to decrease the soil cover by shrubs and trees to approximately 15%, followed by sowing grass that is adapted to the local soil and climate (SILVA et al., 2016; BANDEIRA et al., 2017) . In the Caatinga region, buffel (Cenchrus ciliaris L.) grass is one of the most drought resistant and commonly used grass species in planted pastures. Although the selection capacity of goat kids and lambs depends on the botanical composition of the pasture, their forage preferences in the field are different: goats tend to browse leaves and fine stems of shrubs and trees, while sheep focus on herbs (PFISTER et al., 1988; ANIMUT; GOETSCH, 2008; OLIVEIRA et al., 2016) . In addition, joint management of goat kids and lambs in the same system is often difficult because they are different species and should therefore be treated according to their individual growth requirements.
Thus, animal performance and carcass characteristics can be affected by the nutritional composition of the diet, which is different between goat kids and lambs. In addition, meat consumers demand carcasses with maximum muscle and minimal fat, which are usually more common in goat carcass. However, farmers prefer lamb meat because lambs have a greater slaughter weight and increased carcass yield (FERREIRA et al., 2016) . This study compared the differences between the performance and carcass characteristics of goat kids and lambs finished in thinned Caatinga vegetation enriched with Cenchrus ciliaris L. grass.
Materials and Methods

Location and ethical considerations
This study was conducted at the Experimental Station at the Federal University of Campina Grande (07º05'10'' N and 37º15'43'' W), Paraiba state, Brazil. The climate classification is BShw according to the Koppen classification: tropical semi-arid with a short moist season and rain falling in summer/autumn (January-May), concentrated in March and April. The dry season is as long as 8 months and normally begins in June and finishes in mid-January. The reported annual total rainfall ranges from 256.4 mm to 1365.7 mm and was 1395.9 mm during the time when the experiment was carried out. The annual mean, minimum and maximum temperatures for this period were 28ºC, 22°C and 35ºC, respectively, and the air moisture values were 68%, 65% and 71%, respectively. The 2.4 ha experimental site was divided into four 0.6 ha paddocks. Two randomly chosen paddocks received six goat kids each, and the other two paddocks received six lambs each, equivalent to a continued grazing pressure of 10 animals/ha in each paddock. Grazing was allowed daily from 8:00 to 17:00 h for a period sufficient for the animals to reach 30 kg of BW or for a 120-day period, whichever occurred first.
Selective thinning of Caatinga vegetation was performed in the experimental area by removing some of the undesirable tree species, especially Mimosa tenuiflora Willd Poiret and Croton sonderianus Muell. Arg., which suppress herbaceous forage production due to excessive shadowing. When tree coverage was reduced to 15% of the soil surface (PEREIRA FILHO et al., 2013) , seeds of Cenchrus ciliaris L. was mixed with goat manure and sowed broadcast in uncultivated paddocks.
Animals
Twelve crossbred Boer × undefined breed goat kids and 12 Santa Inês lambs were used; all animals were identified by a colored necklace and averaged 20.7 kg of body weight and 110 days of age at the beginning of the experiment. Two goat kids and two lambs were randomly chosen from these animals to record fecal production. Forty-five days from the beginning of the experiment, four fistulated sheep and goats, two of each species, were allowed to browse in the experimental area. After a 14-day adaptation period, the ingested forage was sampled and animals were removed from the experimental area. Early in the adjustment period, animals were identified, weighed and wormed to control ecto-and endo-parasites. Goat kids and lambs stayed together every night in a pen and were provided water and a mineral mixture according to the requirements of each small ruminant species.
Dry matter availability and chemical composition
Dry matter availability (kg/ha) from buffel grass, other grasses and dicotyledonous species were estimated separately after cutting them close to the soil at sampling points. A sampling point consisted of an area inside a 1.00 m × 0.25 m iron frame that was randomly placed in the North-South and EastWest transects crossing the middle point of each lot according to Araújo Filho (1991) . Sampling was performed at 20 sampling points of the paddock grazed by goat kids and 20 sampling points of the paddock grazed by lambs in each period of evaluation. The first evaluation was performed immediately before animals were allowed to graze (Table 1) . Herb samples were collected from each lot, and biomasses from buffel grass, other grasses and dicotyledonous species were separated, weighted and analyzed according to the methods of the Association of Official Analytical Chemists (AOAC, 1990) to determine the levels of DM (method 967.03), ash (method 942.05), CP (method 981.10), EE (method 920.29) and acid-detergent fiber (method 913.18). The content of neutral detergent fiber (NDF) was determined according to Van Soest et al. (1991) . 
Grass intake and digestibility
Grass intake was determined according to the chemical composition of the extrusa (GOES et al., 2003) 60 days after the beginning of the experimental period. Four fistulated animals, two goat kids and two lambs with the same average body weight and age, remained in the same pickets as the other animals. The rumen content (extrusa) of the fistulated animals was removed before they entered the pasture area. The fistulated animals were allowed to browse; after 20 min in the field, the total content of rumen was collected, stored in an icerefrigerated container, and analyzed according to the methods of the AOAC (1990) to determine the nutrient concentrations and indicator in the forage (extrusa).
Feces production (FP) of the experimental animals was estimated with the use of the external indicator hydroxyphenyl propane (LIPE) (SALIBA et al., 2003) . LIPE® (250 mg /day) was added directly to the rumen of each fistulated animal (n = 4) for five days. Fecal samples were collected from four animals (the two heaviest and the two lightest animals) of each species. Feces samples were manually collected from the rectal ampoule of the animals on the third day. The fecal samples of each animal were homogenized, pre-dried, ground, stored in labeled glass containers, and analyzed by an infrared spectrophotometer (Perkin-Elmer®, Überlingen, Germany). Fecal production was estimated to divide the quantity of administered LIPE in rumen × 100 of the LIPE concentration in the feces.
To determine the internal indicator, indigestible neutral detergent fiber (iNDF), samples of fodder concentrates and feces were incubated in the rumen of four fistulated animals for 144 h, and the residue was assumed to be indigestible. Dry matter intake (DMI) was estimated from fecal production and was verified with the use of LIPE® as an external marker and indigestible neutral detergent fiber (iNDF) as an internal marker (FORBES, 1995) .
The in vitro digestibility assay was performed according to the methodology of Tilley and Terry (1963) . The ruminal contents were collected in the morning, transferred to preheated thermo-flasks (39ºC) and transported immediately to the laboratory, and the rumen fluid was filtered using a fine sieve. A mineral buffer solution was later added to the rumen fluid in a water bath maintained at 39ºC with a continuous CO 2 injection. The samples were placed in an incubator, under rotation, for 72 h. Peptides were added to the incubators within 48 h to act as intermediate compounds for microorganisms.
Performance and carcass traits
Goat kids and lambs were individually weighed at the beginning and at the end of the experiment to determine the total weight gain (TWG) of lambs and their average daily gain (ADG). Feed conversion (feed:gain ratio) was determined using the average dry-weight intake of lambs fed the different diets divided by their average daily gain (ADG), which was calculated based on the difference between the initial and final BW of animals divided by the number of days in the trial period for each animal species. The values are expressed as kg kg -1 .
When the animals reached a mean of 30 kg of body weight (BW), they were subjected to a 16-h fasting period, weighed to determine the slaughter weight (SW), and then stunned using the appropriate equipment (Dal Pino, Santo André, SP, Brazil) that promoted electronarcosis (minimum current of 1.25 amperes). Then, animals were bled, skinned, and eviscerated. After skinning, gutting, and removing the head, feet and genitals, the hot carcass weight (HCW, kg) was obtained.
The gastrointestinal tract was removed, weighed and emptied to obtain the gastrointestinal content weight (GCW) and empty body weight (EBW) (EBW = slaughter weight (SW) -minus GCWminus the weight of the liquid content in bladder and gall bladder).
After the removal of the head and feet, the carcasses were cooled in cold storage for 24 h at 4°C and then weighed to determine the cold carcass weight (CCW kg). Using these data, the hot (HCY) and cold carcass yield (CCY) were calculated based on the carcass weight relative to the body weight at slaughter (g kg -1 ). The biological yield [TY (g kg -1 ) = (HCW/GC) × 100] was determined as described by Cartaxo et al. (2009) . The subcutaneous fat thickness (SFT) was measured with a caliper and obtained at three-quarters of the distance from the medial side of the Longissimus lumborum muscle to its lateral side along the dorsum-lumbar line. Perirrenal fat was obtained after cooling and before the half-carcass was obtained.
The Longissimus dorsi area (LDA) was determined on the transversal section surface between the 12th and 13th ribs. A transparent PVC film sheet (Maxprint, SP, São Paulo, Brazil) and appropriate non-toxic pen model 4053 (Molin, SP, São Paulo, Brazil) were used to delimitate the LDA. Then, the transparent PVC film sheet was scanned (Hewlett-Packard Development Company, SP, São Paulo, Brazil) and the pixel area was converted to cm² using the Quant software.
The carcass morphometric characteristics of goat kids and lambs were measured according to Yañez et al. (2004) . The parameters measured included the carcass internal length (the distance between the anterior end of the pubic bone and middle point of the anterior end of the first rib), carcass external length (the distance between the cervico-thoracic joint and first inter-coccygeal joint), leg length (the distance between the greater trochanter of the femur and end of the tarsometatarsal joint), rump width (the distance between the femoral trochanters), chest width (the distance between the shoulders) and chest circumference (the perimeter measured behind the shoulders). The carcass compactness index (CCI) was calculated by CCI = CCW/carcass internal length.
Statistical analysis
The feed intake, animal performance and carcass characteristic data were analyzed according to a completely random design, with two treatments (goat kids and lambs) and twelve replications (animals). The initial body weight was used as a covariate to evaluate performance and the hot and cold carcass weights, but these weights were removed from the model as they were shown to have no significant effects. Statistical analyses were performed using the PROC ANOVA module of the SAS® (2003) statistical software program. The significance level was set at a probability of 5% (P ≤ 0.05).
Results
Goat kids presented greater (P < 0.05) organic matter intake (g day -1 ; g kg -1 of BW and g kg -0.75 day -1 ) compared to lambs fed Caatinga vegetation enriched with Cenchrus ciliaris L. grass (Table 2) . However, the intake (g day -1 ) of crude protein-CP (P = 0.297) and neutral detergent fiber-NDF (P = 0.294) was similar between the two species. The organic matter digestibility was greater (P = 0.033) in goat kids compared to that in lambs, with an average of 566 and 513 g kg -1 for goat kids and lambs, respectively. However, crude protein digestibility was similar (P = 0.155) between goat kids and lambs. The total weight gain (P = 0.002) and average daily gain (P = 0.043) were greater in goat kids than in lambs and, consequently, improved (P = 0.040) goat kids (5.78 kg kg -1 ) feed conversion compared to that of lambs (8.98 kg kg -1 ).
The slaughtering weight was similar (P > 0.05) for both species (Table 3) , which was a result of the chosen methodology in which animals were only slaughtered when they reached 30 kg of BW, which decreased to 27.4 kg (goat kids) and 28.7 kg (lambs) after a 16 h fasting period. The empty body (P = 0.076), hot carcass (P = 0.082) and cold carcass (P = 0.090) weights; cooling carcass loss (P = 0.297); biological yield (P = 0.111), hot carcass (P = 0.985) and cold carcass (P = 0.926) yields; subcutaneous fat thickness (P = 0.608); Longissimus dorsi area (P = 0.403); and pelvic fat (P = 0.062) were similar between goat kids and lambs grazing on Caatinga vegetation enriched with Cenchrus ciliaris L. Perirrenal fat was greater (P = 0.040) in goat kids compared to that in lambs. Most carcass measurements, such as the external (P = 0.038) and leg lengths (P = 0.049), chest (P = 0.040) and rump (P = 0.042) widths, leg perimeter (P = 0.036) and chest circumference (P = 0.041) presented greater values for lambs compared to those for goat kids (Table 4) . However, the carcass compactness index (CCI; P = 0.066), internal length (P = 0.506) and perimeter width (P = 0.148) were similar between goat kids and lambs. 
Discussion
According to the chemical composition of the selected diet, which was determined by collection of the rumen contents of goat kids (241, 95.0, 787 and 487 g kg -1 dry matter (DM), crude protein (CP), neutral detergent fiber (NDF) and acid detergent fiber (ADF), respectively) and lambs (278, 93.0, 776 and 431 g kg -1 DM, CP, NDF and ADF of ingested feed, respectively), the forage quality remained great and positively affected body weight gain. In addition, the herb forage availability in Caatinga vegetation may have an effect on plant selection by animals SILVA et al., 2015; BANDEIRA et al., 2017) , and goat kids are more flexible than lambs regarding diet selection (PFISTER et al., 1988; McGREGOR, 2010) . According to Araújo Filho (2013) , the annual dry matter availability in unmanaged Caatinga is approximately 400 kg ha -1 , while the forage availability may increase to 2400 or 3600 kg ha -1 by thinning the tree component or thinning the tree component plus enriching with drought-resistant grasses, respectively.
Comparing lambs and goat kids, kids selected more of the diet, meaning that they used the ingested feed more efficiently than lambs. Goats can change their diet according to forage availability, season, and plant diversity (ANIMUT et al., 2005) over such a wide range that Leite (2002) classified goats as having an opportunistic feeding behavior. Goats ingest forage from herbs and woody species (ANIMUT; GOETSCH, 2008; MORAIS et al., 2017) because they have the ability to stand on their hind-feet and reach higher shrubs and tree branches (SANON et al., 2007) . In addition, goat kids can successfully select dicotyledonous herbs and improve their diet quality, especially on thinned Caatinga vegetation enriched with grasses (SANTOS et al., 2010; PEREIRA et al., 2013 ).
Araújo Filho et al. (1996) evaluated the botanical and chemical composition of the diet of sheep and goats in a native pasture in a semiarid region and observed that, at the beginning of the dry season, sheep preferred more grasses and less woody species than goats. However, this difference disappeared over time, which led them to classify sheep and goats as intermediate selectors of high food flexibility according to the season and availability of forage. In addition, the combination of goat and sheep can increase the grazing pressure on grasses in semi-arid regions (FORMIGA et al., 2012) . Regarding the diets of goats and sheep in terms of the groups of plant species, the largest similarities occurred in the dry season, i.e., 95.8% for woody plants and 93.4% for grasses, while in the transition between rainy/dry seasons, the similarity was 75.9% for herbaceous dicotyledons (ARAÚJO et al., 1996) . Thus, goats and sheep have a high degree of utilization of Caatinga vegetation.
Although Formiga et al. (2011) , when comparing goat kids and lambs, observed no differences in digestibility values (643 and 627 g kg -1 , respectively), the authors affirmed that goat kids quantitatively ingested more organic matter compared to lambs (437 vs. 331 g day -1
, 47.2 vs. 26.1 g kg BW -0.75 and 22.5 vs. 11.2 g kg -1 of BW, respectively). The intake and digestibility of nutrients affect animal performance, which was corroborated by the digestibility data collected from the extrusa of lambs and goat kids in the present study. Andrade et al. (2007) reported an ADG of approximately 100 g day -1 for Santa Ines lambs grazing on natural pastures enriched with buffel grass, which is almost two times the value observed for lambs in the present study. However, Araújo Filho (2013) reported an ADG of 47.1 g for goats and 34.0 g for lambs grazing together on Caatinga vegetation.
Most of the farmers in the semiarid region of Northeast Brazil raise goat kids and lambs that normally gain weight during the rainy season and lose weight during the long dry season (ARAÚJO FILHO, 2013; PEREIRA FILHO et al., 2013) . According to Formiga et al. (2011) , the use of grasses, such as buffel grass, to enrich thinned Caatinga vegetation increases the availability of DM and allows animals to select a diet containing a 90 g/kg crude protein content and 580 g kg -1 of digestibility. Due to the selected diet, the weight loss during the dry season led to an ADG of 50 to 100 g day -1 , similar to that observed in the present study. These gains resulted in lambs with a 28 kg average live body weight, which is equivalent to 10 kg carcasses, at 210 days of age. According to Silva et al. (2010) , these are the most accepted carcasses in the local market.
However, despite the greater performance of goat kids, there was a similarity between the hot (HCW) and cold (CCW) carcass weights and yields between species. This difference may have occurred due to the use of the slaughter weight (SW), by which animals are marketed, leading to consequently lower carcass yields. However, lambs had greater morphometric carcass measurements because carcass finishing is influenced by small ruminant species. According to reports by Cézar and Sousa (2010) , one of the most striking differences among small ruminant species is that the subcutaneous adipose tissue in goat species is poorly developed or scarce, and almost all subcutaneous adipose tissue is deposited in body cavities. Goats, by their very nature, are sparsely covered by subcutaneous fat, although through breeding, some breeds have developed a reasonable amount of surface fat to the point that their carcasses can be typified as having medium finishing SOUSA, 2007) . This observation explains the higher amount of perirrenal fat in goat kids compared to that in lambs.
The values of loss due to cooling, which affects the commercial yield of the carcass, were similar and can be considered good for goats and high for sheep considering that, in sheep, the values that are considered to be acceptable losses are from 3.0 to 4.0% (CORDÃO et al., 2102) . The similarity between goat kids and lambs due to cooling weight losses may be associated with the low level of fat deposition in both lambs and goat kids. Dantas et al. (2008) reported an inverse relationship between the levels of covering fat due to cooling weight losses. High levels of weight loss due to cooling may affect the commercial carcass yield. In this study, high levels of losses in carcass weight due to cooling might be correlated with a small amount of covering fat, resulting from the qualitative limitations of the diet, as OM digestibility (566 and 513 g kg -1 for goat kids and lambs, respectively) should not limit fat deposition.
The subcutaneous fat thickness (mm) results were similar in this study to those found in a study by Sousa et al. (2008) , which evaluated carcasses by comparing the same genotypes of goats and sheep. According to the authors, goats and sheep of the animals were slaughtered with "lean" body condition, since the subcutaneous fat thickness was lower than 1.18 mm for a carcass considered "intermediate" and less than 2.0 mm even for a carcass considered "fat".
Conclusion
Goat kids (crossbred Boer × undefined breed) used Caatinga vegetation enriched with Cenchrus ciliaris L. more efficiently than Santa Inês lambs because goat kids presented a greater intake and digestibility of organic matter, increased total weight gain and ADG and, consequently, improved feeding conversion. However, Santa Inês lambs presented higher carcass morphometric values. In addition, although goat kids performed better under Caatinga biome conditions, the carcass finishing of goat kids and lambs can be influenced by several intrinsic and extrinsic factors, and further studies must be carried out to define the best conditions to obtain the ideal finish to produce the highest quality of meat of these species of ruminants.
